INTRODUCTION
The solar array simulator described in this paper was developed as a tool to test and evaluate power conditioning units for photovoltaic power systems. As such, it was designed to simulate as closely as possible the current-voltage characteristics of a photovoltaic array. It is in essence an adjustable, regulated DC power supply designed to "look like" a photovoltaic array to any load to which it is connected. Figure 1 is a block diagram of a utility-interactive photovoltaic power system.
The power conditioning unit (PCU) contains a power inverter to convert the DC power generated by the array of silicon photovoltaic cells into AC power suitable for use by the load.
It also functions as a power dispatching device combining array and utility power to meet the load demand, and, if the array is producing more power than the load requires, delivering the excess power to the utility.
Photovoltaic power ?vstem In order to ex tract the maximum available array power it is, of course, necessary to operate the system at the array maximum power point.
Although the I-V characteristics vary considerably with cell illumination, the voltage at the maximum power points remains relatively constant.
However, the characteristics are also very sensi tive to cell temperature.
The open circuit voltage decreases with increas ing cell temperature at a rate approx imately equal to 2mV/°C times the number of series cells making up the array.
The maximum power voltage decreases at roughly the same rate. In a typical terrestrial application the maximum power voltage may vary by as much as plus or minus 20%. A device built to simulate a photovoltaic array must therefore be able to vary its short circuit current over a considerable range, e.g. to simulate the effects of a cloud passage over the array.
Also, the open-circuit voltage must be variable In the following section the design of the Simulator is presented. System stability is discussed in the next section followed by a section on the results of performance tests of the Simulator.
SYSTEM DESIGN
The Solar Array Simulator is designed to duplicate the characteristic curves of a solar array in a reproducible manner so that precise tests can be repeated. This is accomplished by controlling the power to the load through a series regulator and a switching regulator using both voltage and current feedback.
An analog adjustable I-V generator simulates the solar array characteristics at a low level and serves as the control signal for the regulators. Th£ resistances R p and R s account for losses due to tne inability to construct an ideal diode and addi tional losses due to cell interconnects. Typical values for R p and R s for a single cell are 1000 ohms and .020 ohm, respectively.
The corresponding values for an array depend upon the number of cells and how they are connected. Shunt resistance has the effect of producing a deviation of the character istic from zero slope at short circuit Fullwave rectified DC at 320V is applied to a switching regulator configured to maintain a constant 10V drop across the pass transistors in the series regulator.
The switching regulator is a conventional DC-DC down-converter.
A second feedback loop in the switching regulator limits the input current during turn on and severe load transients, thus simulating the current limiting property of an actual array.
The switching regulator maintains high system efficiency at all operating points by limiting the power losses in the series regulator to 10V times the operating current.
The second regulator is a Class A Amplifier series regulator which utilizes the low-power analog I-V generator signal to reproduce the array I-V characteristic curves. Reference voltage VI (see Figure 4 ) is compared to the output voltage V in a high gain feedback loop, and the output voltage is maintained at the desired value.
A signal proportional to output current I is fed back to The function \fs cannot be obtained with a lumped, finite network, but it has been approximated with surprisingly good accuracy over five decades of frequency with an RC ladder network. 
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(1) Stand-Alone, in which power is applied to a dedicated load, with no utility back-up.
(2) Phaselock, in which mode (1) is augmented by operating the inverter frequency synchro nized to the utility fre quency; and primarily from disturbances on the utility voltage, produced deviations from maximum power of less than one percent.
The current limiting properties of the Simulator were tested by switch ing the unit on with either a short circuit or a 40,000uf capacitance load.
In both cases the unit did not draw excessive current.
CONCLUSION
The design and testing of an llkw solar array simulator has been dis cussed.
The ability of the unit to duplicate the static I-V character istics of a photovoltaic array has been demonstrated.
The unit was also tested with a load typical of that for which it was designed, viz. a lOkW inverter designed specifically for photovoltaic applications, and it performed satisfactorily.
A 75kW array simulator is presently being designed by paralleling llkw modules.
The purpose of this unit is to test a 62.5kW, three phase inverter also designed for photo voltaic applications.
The simula tor will cover the voltage range 50-400 Volts and the current range 0-250 Amps.
(3) Utility Interface, in which the inverter returns the power generated by a photo voltaic array to the utility distribution system.
In mode (3), the inverter also has the optional capability of extracting the maximum power from the solar array by finding and remaining at the maximum power point on the array current-voltage characteristic.
Tests were performed at insolation levels typical of early morning, high noon, and late evening in all three modes with satisfactory results. In the stand alone and phaselock modes, the output voltage of the Simulator collapses to zero in the same manner as an actual array when the load demand exceeds the Simulator power settings.
Within the design ranges of 160-240 Volts and 5-45 Amps the maximum power tracker of the inverter was able to find and hold the maximum power point to within three volts in the utility interface mode. This three volt "dither", resulting
